Cockpit I n t e g r a t i o n D i r e c t o r a t e Wright Research and Development Center Wright-Patterson A i r Force Base, OH 45433 ABSTRACT " S i t u a t i o n a l awareness" has been i d e n t i f i e d a s t h e s i n g l e most c r i t i c a l f a c t o r i n improving m i s s i o n e f f e c t i v e n e s s i n f i g h t e r a i r c r a f t . S i t u a t i o n a l awareness can be d e s c r i b e d a s having knowledge of t h e c u r r e n t and near-term d i s p o s i t i o n of both f r i e n d l y and enemy f o r c e s w i t h i n a volume of space. This knowledge o r information i n f u t u r e m i l i t a r y a i r c r a f t w i l l be presented i n t h e cockpit u s i n g computer o r e l e c t r o -o p t i c a l l y generated d i s p l a y s . Thus, d i s p l a y technologies a r e c r i t i c a l f o r providing a p i l o t t h e s i t u a t i o n a l awareness necessary t o f l y , f i g h t , and s u r v i v e i n t h e f u t u r e combat environment. This paper w i l l p r e s e n t ongoing r e s e a r c h a t t h e Cockpit I n t e g r a t i o n D i r e c t o r a t e t o develop and mature l a r g e a r e a (panoramic) cockpit technology f o r t r a n s i t i o n t o c u r r e n t and f u t u r e m i l i t a r y a i r c r a f t , and t o evolve t h i s technology i n t o a t h r e e -d i m e n s i o n a l (3-D) c o c k p i t d i s p l a y f o r p r o v i d i n g a n optimum man-machine i n t e r f a c e i n f u t u r e a i r c r a f t c o c k p i t s .
INTRODUCTION

A p i l o t ' s success and s u r v i v a l i n t h e a i r combat arena i s highly dependent upon h i s a b i l i t y t o r a p i d l y f o r m u l a t e and a c t upon an a c c u r a t e mental model of t h e surrounding environment. This r e q u i r e s an understanding of f r i e n d l y , enemy, and unknown a i r c r a f t movements, t a r g e t and t h r e a t l o c a t i o n s , t o p o g r a p h i c a l l a y o u t , s a f e f l i g h t c o r r i d o r s , e t c . State-of-the-art f o r d i s p l a y i n g t h i s information t o a p i l o t uses two-dimensional
I n order t o d e v e l o p s i t u a t i o n a l a w a r e n e s s , many p i l o t s of c u r r e n t f i g h t e r a i r c r a f t a s s i m i l a t e and i n t e g r a t e i n f o r m a t i o n f r o m s e v e r a l 2 -D d i s p l a y s and c o g n i t i v e l y f u s e them i n t o a s i n g l e , coherent 3-D m e n t a l image.
I n t e g r a t i n g information i n t h i s m a n n e r r e q u i r e s p i l o t c o g n i t i v e p r o c e s s i n g resources and v a l u a b l e d e c i s i o n making time, both of which w i l l be a t a premium i n f u t u r e cockpits.
A s s i t u a t i o n a l i n f o r m a t i o n becomes more complex, m u l t i p l e d i s p l a y s w i t h l i m i t e d s i z e 2-D formats may not be s u f f i c i e n t t o p r e s e n t t h e p i l o t c r i t i c a l i n f o r m a t i o n i n a n e a s i l y u n d e r s t o o d manner. Large a r e a panoramic d i s p l a y s coupled w i t h s t e r e o s c o p i c 3-D s e p a r a t i o n may provide t h e p i l o t w i t h s i t u a t i o n a l information which could be f a r s u p e r i o r t o c u r r e n t technology. Emerging f l a t p a n e l d i s p l a y t e c h n o l o g i e s w i l l e n a b l e t h e s e l a r g e r d i s p l a y s t o be f a b r i c a t e d f o r cockpit a p p l i c a t i o n s . These new d i s p l a y c a p a b i l i t i e s w i l l e n a b l e t h e p i l o t t o b e t t e r c o p e w i t h t h e i n c r e a s i n g l y demanding workload a s s o c i a t e d w i t h f u t u r e missions.
BBVIEW OF PCCADS STUDY
C u r r e n t t a c t i c a l f i g h t e r c o c k p i t d i s p l a y s y s t e m s p r e s e n t p r o b l e m s f o r g a i n i n g a n d m a i n t a i n i n g s i t u a t i o n a l awareness. This i s a d i f f i c u l t t a s k s i n c e t h e l i m i t e d s i z e d i s p l a y s on c u r r e n t f i g h t e r a i r c r a f t become too c l u t t e r e d a s t h e t a c t i c a l s i t u a t i o n g e t s more complex. A p o t e n t i a l s o l u t i o n t o t h i s problem i s t o i n t e g r a t e t h e a v a i l a b l e d a t a and information and p r e s e n t i t on a s i n g l e d i s p l a y .
The main o b j e c t i v e of t h e PCCADS study was t o e v a l u a t e t h e improvements t o s i t u a t i o n a l a w a r e n e s s i f a s i n g l e , l a r g e a r e a c o l o r d i s p l a y w e r e used t o handle t h e c l u t t e r problem and p r o v i d e t h e d i s p l a y s u r f a c e a r e a r e q u i r e d t o f u s e a l l s e n s o r d a t a i n t o a s i n g l e p i c t u r e of t h e t a c t i c a l s i t u a t i o n ( 1 , 2 ) . I n t h e i n i t i a l PCCADS study, t h e Head Down Display (HDD) e s s e n t i a l l y occupied t h e e n t i r e instrument panel of t h e cockpit, a s shown i n F i g u r e 2.
The McDonnell A i r c r a f t Company (MCAIR) was c o n t r a c t e d by t h e Wright Research and Development C e n t e r (WRDC) t o t e s t and v a l i d a t e t h e PCCADS c o n c e p t .
M C A I R d e s i g n e d and b u i l t a cockpit s i m u l a t o r w i t h a 15" x 20" (300 square i n c h ) HDD using two r e a r p r o j e c t o r s t o p r e s e n t information on t h e d i s p l a y s u r f a c e .
One p r o j e c t o r provided t h e background d i s p l a y , u s u a l l y a moving map, w h i l e t h e o t h e r p r o j e c t o r provided a l l of t h e o v e r l a y information, such a s ownship, f r i e n d l y , and o t h e r a i r c r a f t p o s i t i o n s , t h r e a t and t a r g e t l o c a t i o n s , r o u t e -o f -f l i g h t and o t h e r information r e q u i r e d t o p e r f o r m v a r i o u s m i s s i o n t a s k s . Windowed i n s e r t s f o r systems s t a t u s o r s e n s o r d i s p l a y were always a v a i l a b l e , but only d i s p l a y e d a t t h e p i l o t ' s command. The p i l o t had t h e o p t i o n of e n l a r g i n g , reducing o r completely removing t h e i n s e r t s from t h e PCCADS d i s p l a y a t h i s d i s c r e t i o n . This l a r g e a r e a d i s p l a y was coupled w i t h a Helmet Mounted S i g h t / D i s p l a y (HMS/D) t h a t p r o j e c t e d l i m i t e d HUD symbology and t a r g e t i n g cues t o t h e p i l o t , a n d a n a r r o w f i e l d of view HUD was p r o j e c t e d on t h e out-the-window scene.
The key e l e m e n t s of t h e g r a p h i c s s y s t e m d e s i g n e d t o g e n e r a t e t h e r e q u i r e d d i s p l a y information were t h e Map Image Generation System (MIGS), a Compuscene I V , a S i l i c o n Graphics I R I S , a graphics p r o c e s s o r , and t h e p r o j e c t i o n system. A f u n c t i o n a l block diagram d e p i c t i n g t h e PCCADS s i m u l a t o r i s shown i n F i g u r e 3.
The PCCADS cockpit was operated u s i n g f o u r d i f f e r e n t c o n t r o l methods: The e n t i r e p a n o r a m i c HDD s u r f a c e had a t o u c h s e n s i t i v e o v e r l a y and employed p u l l down menus a s a means of d e s i g n a t i n g information t o be displayed on t h e HDD.
The helmet mounted s i g h t used a Polhemus head t r a c k i n g device t o d e t e c t when t h e p i l o t was looking i n t o t h e c o c k p i t , and drove a c u r s o r on t h e H D D .
F i n a l l y , a Votan VPC-2000 Voice Recognition Card provided voice c o n t r o l .
PCCADS TESTING AND RESULTS
Ten p i l o t s a s s i s t e d MCAIR i n t h e e v a l u a t i o n of t h e PCCADS cockpit and i t s u t i l i t y i n t a c t i c a l f i g h t e r operations.
Four of t h e s e were s e n i o r USAF p i l o t s w i t h F-15 e x p e r i e n c e , w h i l e t h e r e m a i n i n g s i x w e r e MCAIR e n g i n e e r i n g p i l o t s . Extensive t r a i n i n g c o n s i s t i n g of e i g h t hours of a c a d e m i c s a n d s i x h o u r s o f h a n d s -o n f a m i l i a r i z a t i o n i n t h e PCCADS cockpit was given t o a l l t h e p i l o t s .
The PCCADS crew s t a t i o n was evaluated i n 80 h o u r s of p i l o t e d simulation.
The 80 hours of s i m u l a t i o n was divided between 40 hours i n a dome s i m u l a t i o n f a c i l i t y w i t h complete 360 degrees out-the-window scene, and 40 hours i n a p a r t t a s k s i m u l a t o r w i t h a 40 d e g r e e out-of-the-window scene. The A i r Force p i l o t s p a r t i c i p a t e d only i n t h e dome f a c i l i t y e v a l u a t i o n s .
Each p i l o t flew b o t h a n a i r -t o -a i r and air-to-ground s c e n a r i o , w i t h each s c e n a r i o divided i n t o segments f o r the purpose of d a t a c o l l e c t i o n . Performance d a t a were c o l l e c t e d i n real-time during t h e t e s t s c e n a r i o s , and s u b j e c t i v e s i t u a t i o n a l awareness and workload d a t a were c o l l e c t e d using q u e s t i o n n a i r e s during b r e a k s , and between m i s s i o n s e g m e n t s d u r i n g s i m u l a t i o n s . I n t h e q u e s t i o n n a i r e s , t h e p i l o t s were asked t o compare t h e s i t u a t i o n a l awareness p r o v i d e d by t h e PCCADS d i s p l a y r e l a t i v e t o t h e d i s p l a y s i n t h e a i r c r a f t they were most f a m i l i a r w i t h , e.g., F-15. The r e s u l t s showed t h a t t h e p i l o t s were overwhelmingly i n f a v o r of t h e PCCADS concept a s a means of providing b e t t e r s i t u a t i o n a l awareness i n t h e cockpit.
It i s one t h i n g t o demonstrate t h e p o t e n t i a l e f f e c t i v e n e s s of a 300 square inch HDD f o r t h e cockpit, but q u i t e another t o a c t u a l l y b u i l d such a f l i g h t capable d i s p l a y .
Due t o c u r r e n t s i z e l i m i t a t i o n s on d i s p l a y technology, a more prudent a p p r o a c h i s t o a p p l y t h e PCCADS concept t o a d i s p l a y s i z e (100 square i n c h e s ) t h a t i s more r e a l i z a b l e i n t h e n e a r f u t u r e . T h i s i s t h e o b j e c t i v e of c u r r e n t e f f o r t s w i t h i n t h e Cockpit I n t e g r a t i o n D i r e c t o r a t e .
PCCADS 2000
The PCCADS 2 0 0 0 p r o g r a m i s a j o i n t l y s p o n s o r e d e f f o r t by t h e C o c k p i t I n t e g r a t i o n D i r e c t o r a t e (WRDC/KT) and t h e Armstrong Aerospace M e d i c a l R e s e a r c h Laboratory (AAMRL/HEA).
Both o r g a n i z a t i o n s a r e involved i n t h e development of t e c h n o l o g i e s and t e c h n i q u e s f o r improving t h e p i l o t v e h i c l e i n t e r f a c e . 
The o b j e c t i v e of t h i s e x t e n s i o n t o t h e o r i g i n a l PCCADS study i s t o r e c o n f i g u r e t h e PCCADS cockpit t o demonstrate and e v a l u a t e , i n a real-time p i l o t e d s i m u l a t i o n , t h e b e n e f i t s of t h e PCCADS d i s p l a y concept u s i n g a s m a l l e r 100 square i n c h panoramic d i s p l a y w i t h f u l l c o l o r and t o u c h c a p a b i l i t i e s . I n t h i s r e v i s e d d i s p l a y c o n f i g u r a t i o n , a 100 square i n c h , f u l l c o l o r " i n t e g r a t e d s i t u a t i o n d i s p l a y " i s flanked on e i t h e r s i d e w i t h 5 X 5 i n c h monochrome d i s p l a y s f o r s y s t e m s s t a t u s o r o t h e r d i
t performance w i l l be s i g n i f i c a n t l y enhanced by i m p l e m e n t i n g t h e PCCADS on a 100 square i n c h i n t e g r a t e d s i t u a t i o n d i s p l a y , which i s a d i s p l a y s i z e r e a l i z a b l e f o r e a r l y 1990s a p p l i c a t i o n s .
DISPLAY TEcHNoMxrp ASSESSMENT
A t p r e s e n t , t h e r e i s no s i n g l e technology t h a t can s a t i s f a c t o r i l y provide r e l i a b l e , s u n l i g h t readable, f u l l c o l o r l a r g e a r e a d i s p l a y s f o r t h e m i l i t a r y a i r c r a f t cockpit environment.
Consider t h a t a
100 square i n c h d i s p l a y would r e q u i r e a d i s p l a y s u r f a c e n e a r l y t h r e e times t h e s i z e of c u r r e n t f i g h t e r c o c k p i t d i s p l a y technology. While p r e s e n t i n g an o p p o r t u n i t y t o provide t h e p i l o t a d d i t i o n a l s i t u a t i o n a l awareness information i n a f u s e d manner, l a r g e a r e a cockpit d i s p l a y s a l s o p r e s e n t a challenge t o t h e d i s p l a y designer. The f u t u r e c o c k p i t d i s p l a y w i l l r e q u i r e improved s u n l i g h t r e a d a b i l i t y , c o l o r c a p a b i l i t y w i t h i n c r e a s e d r e s o l u t i o n , and p o s s i b l y
n i g h t v i s i o n c o m p a t i b i l i t y , while minimizing d i s p l a y w e i g h t , power, and space requirements. Emerging f l a t panel d i s p l a y technologies o f f e r a s o l u t i o n t o m e e t i n g t h e s e s t r i n g e n t requirements.
The c u r r e n t l e a d i n g t e c h n o l o g y f o r a s u n l i g h t r e a d a b l e , f u l l c o l o r , video capable f l a t panel d i s p l a y is Active Matrix Liquid C r y s t a l Display (AMLCD) technology.
Unlike t h e multiplexed l i q u i d c r y s t a l d i s p l a y s c u r r e n t l y popular i n p o r t a b l e computers, AMLCDs use an a c t i v e t h i n f i l m device ( u s u a l l y a t r a n s i s t o r o r diode) t o i n d i v i d u a l l y c o n t r o l e a c h p i c t u r e e l e m e n t ( p i x e l ) .
T h i s p r o v i d e s i n c r e a s e d c o n t r a s t and wider viewing a n g l e , r e s u l t i n g i n a more readable d i s p l a y . 
It a l s o allows good gray s c a l e c a p a b i l i t y f o r d i s p l a y of video information, s i n c e t h e v o l t a g e on each p i x e l can be c o n t r o l l e d i n d i v i d u a l l y . Because l i q u i d c r y s t a l d i s p l a y s a r e n o n e m i s s i v e , t h e c o n t r a s t r a t i o i s not g r e a t l y a f f e c t e d by ambient i l l u m i n a t i o n , which g i v e s t h e s e d i s p l a y s improved s u n l i g h t r e a d a b i l i t y compared t o c a t h o d e r a y t u b e s . F o r a v i o n i c s a p p l i c a t i o n s , a compact b a c k l i g h t i n g system i s used f o r improved d a y l i g h t and nighttime viewing. To o b t a i n a c o l o r d i s p l a y , an a r r a y of c o l o r f i l t e r s i s a l i g n e d over t h e t h i n f i l m a r r a y of p i x e l s .
AMLCD technology and a p p l i c a t i o n s have grown d r a m a t i c a l l y o v e r t h e p a s t few y e a r s ( 3 , 4 ) . WRDCfKTD h a s p r e v i o u s l y f u n d e d e f f o r t s t o i n v e s t i g a t e t h e use of t h i s technology f o r b o t h head-up and multi-function d i s p l a y a p p l i c a t i o n s , i n t h e High R e l i a b i l i t y Head-Up Display and Color Matrix Display e f f o r t s . Current s t a t e -o f -t h e -a r t f o r a v i o n i c s a p p l i c a t i o n s i s demonstrated
S i m i l a r t e c h n o l o g y d e v e l o p m e n t s f o r commercial a p p l i c a t i o n s have a l r e a d y demonstrated f l a t c o l o r AMLCD TV prototypes up t o 14 inches i n d i a g o n a l , a s shown by Sharp Corporation a t t h e 1988 I n t e r n a t i o n a l Display Research Conference i n San Diego ( 7 ) .
More s i g n i f i c a n t l y , t h e r e c e n t a n n o u n c e m e n t by t h e J a p a n e s e M i n i s t r y o f I n t e r n a t i o n a l T r a d e a n d 
i n i t i o n TV and o t h e r commercial a p p l i c a t i o n s i s i n d i c a t i v e of t h e f u t u r e g r o w t h i n s i z e e x p e c t e d f o r t h i s developing f l a t panel technology.
Once l a r g e a r e a (100 square i n c h o r g r e a t e r ) d i s p l a y s f o r c o c k p i t s a r e b u i l t , a l o g i c a l next s t e p i s t o combine t h i s technology w i t h s t e r e o 3-D technology.
There a r e i n d i c a t i o n s from c u r r e n t r e s e a r c h u s i n g s t e r e o 3-D t h a t t h e r e may be a s i g n i f i c a n t i n c r e a s e i n s i t u a t i o n a l awareness i n s e l e c t e d c a s e s when a l a r g e a r e a d i s p l a y i s combined w i t h s t e r e o 3-D p i c t o r i a l formats.
3-D DISPLAY FORMAT EVALUAIION
3-D PAYS OFF
A s more of t h e information t h e p i l o t u t i l i z e s i s p r e s e n t e d s y n t h e t i c a l l y t h r o u g h computer g r a p h i c s , t h e d i s p l a y formats have continued t o g e t more complex. Some of t h e d i s p l a y formats c r e a t e d t o g i v e t h e p i l o t an awareness of h i s s i t u a t i o n a r e p a r t i c u l a r l y challenging t o d e s i g n i n a c l e a r , u n c l u t t e r e d m a n n e r . T h i s i s e s p e c i a l l y t r u e i n t h e c a s e of an A i r B a t t l e S i t u a t i o n Display (ABSD) [Figure 61 because of t h e i n a b i l i t y t o p r e s e n t t h e depth cues needed t o l o c a t e t h e d i f f e r e n t a i r c r a f t i n t h e i r proper p o s i t i o n i n t h e sky (8).
The purpose of t h i s s t u d y was t o compare t h e r e l a t i v e e f f e c t i v e n e s s of p r e s e n t i n g t h e ABSD i n a s t e r e o 3-D d i s p l a y versus a 2-D d i s p l a y format. The e f f e c t i v e n e s s of each d i s p l a y type was e v a l u a t e d i n terms of i t s a b i l i t y t o convey s p a t i a l l o c a t i o n i n f o r m a t i o n about f r i e n d l y , enemy, and unknown a i r c r a f t i n a given volume of space r e l a t i v e t o an ownship symbol.
The s u b j e c t ' s t a s k was t o s e a r c h a s p a t i a l q u a d r a n t of t h e ABSD r e l a t i v e t o t h e ownship symbol and i d e n t i f y t h e number of a i r c r a f t symbols i n a given t a r g e t group i n t h a t quadrant. When t h e r e s u l t s were analyzed, t h e d a t a showed t h a t when t h e s u b j e c t s used t h e 3-D v e r s i o n of t h e ABSD, t h e y were s i g n i f i c a n t l y more a c c u r a t e (approximately 20%) i n i d e n t i f y i n g t h e l o c a t i o n of t h e a i r c r a f t than when they used t h e 2-D version.
I n a n o t h e r study ( 9 ) examining 2-D vs 3-D v e r s i o n s o f d i s p l a y f o r m a t s , t h e f o r m a t of i n t e r e s t d e p i c t e d s e n s o r c o v e r a g e a r o u n d an a i r c r a f t and c o n s i s t e d of a green, wire frame globe encompassing t h e a i r c r a f t .
The t a s k was t o i d e n t i f y d i f f e r e n t segments (colored amber) of t h e globe t h a t i n d i c a t e d a malfunction of the s e n s o r s i n t h a t area. 
3-D DOESN'T PAY OFF
Another s t u d y was conducted t o examine a new f l i g h t d i s p l a y , c a l l e d t h e Pathway i n t h e Sky, which would p r o v i d e t h e p i l o t w i t h a d d i t i o n a l s i t u a t i o n a l awareness. The i d e a behind t h e Pathway i s t h a t t h e p i l o t w i l l be a b l e t o preview t h e p a t h a h e a d a n d , t h e r e f o r e , a n t i c i p a t e c h a n g e s i n a l t i t u d e and/or heading. Adding 3-D depth cues t o t h e p a t h should f u r t h e r a i d t h e p i l o t i n o b t a i n i n g s i t u a t i o n a l awareness by showing how f a r out i n s p a c e t h e p a t h w i l l t u r n o r change a l t i t u d e . Previewing i s not p o s s i b l e w i t h a head up d i s p l a y u s i n g a v e l o c i t y v e c t o r and a f l i g h t d i r e c t o r because t h e p i l o t sees only an i n s t a n t a n e o u s view of t h e p a t h and cannot see ahead.
The purpose of this study was t o e v a l u a t e t h e e f f e c t i v e n e s s o f a two-dimensional pathway, a three-dimensional pathway, and a two-dimensional HUD when f l y i n g a pre-programmed route. Eighteen p i l o t s f r o m t h e US A i r F o r c e , US A i r F o r c e R e s e r v e , A i r N a t i o n a l G u a r d , a n d o t h e r o r g a n i z a t i o n s a t Wright P a t t e r s o n AFB p a r t i c i p a t e d i n t h i s s t u d y .
A l l p i l o t s had p r e v i o u s HUD experience.
The r e s u l t s showed t h a t p i l o t s performed s i g n i f i c a n t l y b e t t e r [F(1,17) 5 3.40 p < ,0061
when using e i t h e r t h e 2-D o r t h e 3-D pathway than they d i d when u s i n g t h e HUD.
However, t h e r e was no d i f f e r e n c e i n p e r f o r m a n c e between t h e two v e r s i o n s of t h e pathway.
WEY 3-D PAYS O W SO?IETIIIES
Based on t h e r e s e a r c h d i s c u s s e d i n t h i s paper, s t e r e o 3-D seems t o be most e f f e c t i v e i n d i s p l a y formats which a r e a t t e m p t i n g t o p o r t r a y s p a t i a l r e l a t i o n s h i p s and l a c k i n h e r e n t , s t r o n g monocular depth cues. This was t r u e i n t h e A i r B a t t l e S i t u a t i o n Display j u s t discussed. It was a l s o t r u e of t h e s e n s o r coverage d i s p l a y format. However, i t was n o t t r u e i n t h e case of t h e Pathway .
The 3-D p a t h d i d not do significantly b e t t e r than t h e 2-D p a t h because t h e 2-D p a t h provided s u f f i c i e n t monocular depth cues through t h e use of p e r s p e c t i v e , r e l a t i v e motion, and i n t e r p o s i t i o n . F o r i n s t a n c e , the pathway seen i n t h e d i s t a n c e a p p e a r e d s m a l l e r and seemed t o converge a t t h e h o r i z o n .
Also, t h e p a t h blocks c l o s e r t o t h e p i l o t moved f a s t e r than t h e ones viewed i n t h e d i s t a n c e .
Because t h e 2-D p a t h u s e d t h e s e monocular depth cues, i t was a s i n t u i t i v e a s t h e 3-D path.
SUnl4ARY
The i n c r e a s i n g l y complex a e r i a l b a t t l e s c e n a r i o s of tomorrow w i l l r e q u i r e new methods f o r p r e s e n t i n g p i l o t s t h e information they need t o g a i n and maintain s i t u a t i o n a l awareness. Large a r e a panoramic cockpit d i s p l a y s w i l l allow t h e needed information t o be presented on a s i n g l e d i s p l a y s u r f a c e i n an i n t e g r a t e d and fused manner t h a t w i l l r e d u c e p i l o t workload requirements. Innovative c o n t r o l mechanisms w i l l allow t h e p i l o t t o manipulate t h e information displayed t o s u i t h i s i m m e d i a t e n e e d s i n a g i v e n segment of a mission. These panoramic d i s p l a y s w i l l allow t h e p i l o t t o i n t u i t i v e l y u n d e r s t a n d t h e t a c t i c a l s i t u a t i o n and t a k e a p p r o p r i a t e a c t i o n s quickly.
The e n a b l i n g t e c h n o l o g y t o r e a l i z e t h e s e l a r g e a r e a d i s p l a y s w i l l be f l a t panel d i s p l a y t e c h n o l o g y .
C u r r e n t l y , AMLCDs f o r a v i o n i c s a p p l i c a t i o n s have d e m o n s t r a t e d f u l l c o l o r and video c a p a b i l i t y , improved s u n l i g h t r e a d a b i l i t y , a n d s i z e s u p t o 9 i n c h e s d i a g o n a l . T h i s technology i s c u r r e n t l y undergoing q u a l i f i c a t i o n t e s t i n g f o r m i l i t a r y cockpit a p p l i c a t i o n s .
AMLCD t e c h n o l o g y appears s c a l a b l e t o t h e l a r g e s i z e s needed f o r panoramic cockpit d i s p l a y s , and w i l l be d r i v e n t o s i z e s up t o a meter square by commercial a p p l i c a t i o n s i n t h e 1990s.
Research i n t o t h e a r e a of 3-D technologies i s p r o v i d i n g A i r F o r c e e x p e r t s w i t h b e t t e r information regarding p o t e n t i a l b e n e f i t s of s t e r e o 3-D d i s p l a y s f o r f u t u r e f i g h t e r cockpits.
One a r e a of c u r r e n t i n t e r e s t f o c u s s e s on h e l p i n g t h e p i l o t m o r e a c c u r a t e l y a n d q u i c k l y b u i l d s i t u a t i o n a l a w a r e n e s s i n t h e 3-D a e r i a l e n v i r o n m e n t u s i n g t r u e 3-D d i s p l a y s .
O t h e r p o s s i b i l i t i e s i n c l u d e i n c r e a s i n g t a r g e t d e t e c t i o n i n low r e s o l u t i o n s e n s o r imagery, c r e a t i n g format d e c l u t t e r o p t i o n s w i t h o u t l o s i n g d a t a , and a s s i s t i n g t h e a i r t r a f f i c c o n t r o l l e r .in s a f e l y d i r e c t i n g f l i g h t p a t h s w i t h i n t h e a i r c o r r i d o r s . 
